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Abstract

The association between inferior vena cava filter (IVC) use and outcome in patients presenting with major bleeding during
anticoagulation for venous thromboembolism (VTE) has not been thoroughly investigated. We used the RIETE registry
to compare the 30-day outcomes (death, major re-bleeding or VTE recurrences) in VTE patients who bled during the first
3 months of therapy, regarding the insertion of an IVC filter. A propensity score matched (PSM) analysis was performed
to adjust for potential confounders. From January 2001 to September 2016, 1065 VTE patients had major bleeding during
the first 3 months of anticoagulation (gastrointestinal 370; intracranial 124). Of these, 122 patients (11%) received an IVC
filter. Patients receiving a filter restarted anticoagulation later (median, 4 vs. 2 days) and at lower doses (95 + 52 IU/kg/day
vs. 104 £ 55 of low-molecular-weight heparin) than those not receiving a filter. During the first 30 days after bleeding (after
excluding 246 patients who died within the first 24 h), 283 patients (27%) died, 63 (5.9%) had non-fatal re-bleeding and
19 (1.8%) had recurrent pulmonary embolism (PE). In PSM analysis, patients receiving an IVC filter (n=122) had a lower
risk for all-cause death (HR 0.49; 95% CI 0.31-0.77) or fatal bleeding (HR 0.16; 95% CI 0.07-0.49) and a similar risk for
re-bleeding (HR 0.55; 95% CI 0.23-1.40) or PE recurrences (HR 1.57; 95% CI 0.38-6.36) than those not receiving a filter
(n=429). In VTE patients experiencing major bleeding during the first 3 months, use of an IVC filter was associated with
reduced mortality rates.

Clinical Trial Registration NCT02832245.
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Introduction

Bleeding is the most feared complication in patients receiving
anticoagulant therapy for venous thromboembolism (VTE). In
the literature, the rate of fatal bleeding in VTE patients receiv-
ing anticoagulant therapy ranged around 0.5-1.0 deaths per
100 patient-years [1-3] Current management of patients with
major bleeding usually starts with immediate discontinuation of
anticoagulant therapy, followed by an intervention (endoscopy,
coiling, surgery) and treatment with blood transfusion, vitamin
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K, prothrombin complex concentrate, fresh frozen plasma, or
insertion of a vena cava filter (IVC), based on the type and
severity of the bleeding and local protocols and resources
[4-9]. IVC filters have been available as a preventive option for
patients at risk for pulmonary embolism (PE) since the 1970s
and are widely used as a therapeutic option in patients with
VTE or to prevent PE without current VTE [10]. In a prior
study, VTE patients at high risk for bleeding receiving an IVC
filter had a lower risk for recurrent PE and PE-related death
within the first 30 days than those who did not [11]. In a sub-
sequent study, the use of a filter was also associated with lower
mortality at 30 days in patients presenting with PE recurrences
during anticoagulant therapy [12]. However, the association
between use of IVC filters and outcomes in patients presenting
with major bleeding during the course of anticoagulation for
VTE has not been thoroughly evaluated.
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The Registro Informatizado de Enfermedad Trombo
Embdlica (RIETE) is a multicenter, ongoing, international
registry of consecutive patients with symptomatic, objec-
tively confirmed, acute VTE (ClinicalTrials.gov identifier:
NCT02832245) [11, 13—15]. Since its inception in 2001, the
aim of RIETE is to record data including the clinical char-
acteristics, treatment and outcomes in patients diagnosed
with VTE [11, 13-16]. In the current study, we aimed to
assess the association between the use of IVC filter insertion
and all-cause mortality within the first 30 days in patients
presenting with major bleeding during the first 3 months of
anticoagulant therapy for VTE.

VTE patients in RIETE (sept-2016)
N=64,100
|

Methods
Patients and data source

Consecutive patients with acute deep vein thrombosis (DVT)
or PE confirmed by objective tests (compression ultrasonog-
raphy or contrast venography for DVT; helical CT scan, ven-
tilation—perfusion lung scintigraphy or angiography for PE)
were enrolled in RIETE. Patients were excluded if they were
currently participating in a therapeutic clinical trial with a
blinded therapy. The methodology of the registry has been
described elsewhere [17].

Inclusion and exclusion criteria
This study screened patients with symptomatic VTE

enrolled in RIETE from January 2001 through September
2016 who presented with a major bleeding event during the

Patients without a major bleeding

v

Patients with a major bleeding during
the first 3 months
N=1,314
|

> during the first 3 months
N=62,786

Patients with a preexistent IVC filter

\

Patients without a preexistent IVC
filter
N=1,311
|

N=3

Patients with a IVC filter insertion

v

Patients with IVC filter insertion
within 48 hours after a major bleeding
or no filter insertion
N=1,107
|

> beyond 48 hours after a major bleeding
N=204

Patients died within 24 hours after

v

Patients included in final analyses
With filter: 122
Without filter: 943

> major bleeding event
N=42

Patients excluded from propensity

v

Patients included in the propensity
score matching analyses
With filter: 122
Without filter:429

Fig. 1 Flowchart of the patients
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first 3 months of anticoagulant therapy. We excluded patients
with a pre-existing IVC filter, those undergoing IVC filter
placement beyond the first 48 h after major bleeding and
those who were not receiving anticoagulant therapy when
the index bleeding event prior to inclusion occurred. Bleed-
ing events were classified as ‘major’ if they were overt and
required transfusion of two units or more of blood, or were

retroperitoneal, spinal or intracranial, or when they were
fatal [9, 18, 19].

To avoid immortal time bias, the current study also
excluded those patients who died within 24 h after major
bleeding [5]. All patients (or their legal power of attorney)
provided written or oral informed consent for participation

Table 1 Clinical characteristics
of 1065 VTE patients

Vena cava filter No vena cava filter Odds ratio (95%CI) p

presenting with major bleeding Patients, n

dur.mg the ﬁ.rst 3 month§ of Hospital size > 500 beds,
anticoagulation, according to ) i
use of vena cava filter Year of VTE diagnosis,

2001-2008 vs. 2009-2016
Country of origin
Spain
Clinical characteristics
Male gender
Age (mean years + SD)
Body weight (kg +SD)
Initial VTE presentation
Pulmonary embolism
Time from VTE to bleeding
Mean days (+SD)
Day 0 to Day 30
Current therapy at bleeding
Low-molecular-weight heparin
Unfractionated heparin
Thrombolytics
Fondaparinux
Direct oral anticoagulants
Vitamin K antagonists
Site of major bleeding
Gastrointestinal
Haematoma
Intracranial
Retroperitoneal
Genitourinary
Other
Risk factors for VTE
Surgery
Immobility >4 days
Active cancer
Estrogen use
None of the above (unprovoked)
Prior VTE
Underlying conditions
Chronic lung disease
Chronic heart failure
Anemia
CrCl levels <30 mL/min

122 943
84 (69%) 544 (58%) 1.62 (1.08-2.43) 0.02
56 (46%) 237 (55%) 0.69 (0.46-1.03) 0.07
97 (80%) 778 (83%) 0.82 (0.51-1.32) 0.42
51 (42%) 407 (43%) 0.95 (0.65-1.39) 0.78
69+15 72415 - 0.02
75416 T1+14 - 0.005
76 (62%) 568 (60%) 1.09 (0.74-1.61) 0.66
10£13 25424 <0.001
115 (94%) 650 (69%) 7.41 (3.42-16.1) <0.001
89 (73%) 576 (61%) 1.72 (1.13-3.76) 0.01
15 (12%) 60 (6.4%) 2.06 (1.13-3.76) 0.02
2 (1.6%) 15 (1.6%) 1.03 (0.23-4.56) 0.97
0 13 (1.4%) - 0.19
0 14 (1.5%) - 0.18
11 (9.0%) 223 (24%) 0.32 (0.17-0.61) <0.001
34 (28%) 336 (36%) 0.70 (0.46-1.06) 0.09
27 (22%) 228 (24%) 0.89 (0.57-1.40) 0.62
21 (17%) 103 (11%) 1.70 (1.02-2.83) 0.04
15 (12%) 69 (7.3%) 1.78 (0.98-3.21) 0.06
6 (4.9%) 78 (8.3%) 0.57 (0.25-1.35) 0.20
19 (16%) 129 (14%) 1.16 (0.69-1.97) 0.57
21 (17%) 118 (13%) 1.45 (0.88-2.42) 0.15
44 (36%) 309 (33%) 1.16 (0.78-1.72) 0.47
34 (28%) 322 (34%) 0.75 (0.49-1.13) 0.17
5(4.1%) 26 (2.8%) 1.51 (0.57-4.00) 0.41
44 (36%) 296 (32%) 1.21 (0.82-1.80) 0.34
9 (7.4%) 114 (12%) 0.58 (0.29-1.17) 0.13
19 (16%) 139 (15%) 1.07 (0.63-1.80) 0.81
12 (9.8%) 112 (12%) 0.81 (0.43-1.52) 0.51
67 (55%) 550 (58%) 0.87 (0.59-1.27) 0.47
14 (12%) 154 (16%) 0.66 (0.37-1.19) 0.17

VTE venous thromboembolism, SD standard deviation, LMWH low-molecular-weight heparin, CrClI creati-
nine clearance, CI confidence intervals
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in the registry, in accordance with local ethics committee
requirements.

Outcomes

The primary outcome was all-cause death within the first
30 days after major bleeding. Secondary outcomes were
fatal bleeding, non-fatal major re-bleeding, PE recurrences
and DVT recurrences within the first 30 days after bleeding.
Fatal bleeding was defined as any death occurring within
10 days of a major bleeding episode, in the absence of an
alternative cause of death. Bleeding events were classified
as ‘major’ if they were overt and required transfusion of two
units or more of blood, or were retroperitoneal, spinal or
intracranial, or when they were fatal.

Baseline variables

Patients enrolled in RIETE had data collected from around
the time of index VTE diagnosis that included but were not
limited to: demographics; body weight; presence of coex-
isting conditions such as chronic heart or lung disease; risk
factors for VTE including active cancer (newly diagnosed

or under treatment [i.e., surgery, chemotherapy, radiother-
apy, hormonal or support therapy]), recent immobility (bed
rest with bathroom privileges for >4 days in the 2 months
prior to VTE diagnosis), surgery (major surgery within the
2 months prior to VTE); results at hospital admission that
included hemoglobin, platelet count and serum creatinine
levels. RIETE also collected treatment data that included
anticoagulant use (drugs, doses and duration) and vena cava
filter use.

Statistical analysis

Continuous variables were reported as mean and standard
error (or non-parametric counterparts where needed) and
categorical variables were reported as frequency counts
and percentages. Hazard ratios (HR) with 95% confidence
intervals (CI), as well as p values (Mann—Whitney test or ¢
test for continuous variables and Cochran—Mantel-Haenszel
tests for categorical variables) were presented for each vari-
able analyzed. All outcomes were analyzed in the overall
follow-up period (first 30 days). Univariable analysis was
conducted yielding odds ratios with 95% CI, as well as p
values (Cochran—-Mantel-Haenszel tests) for each outcome.

Table 2 Thirty-day mortality
according to management of

bleeding

Dead Alive QOdds ratio (95% CI) p value
With vena cava filter, n 17 105
Restart of anticoagulation, n 6 (35%) 89 (85%) 0.10 (0.03-0.30) <0.001
Time elapsed from bleeding to restart

Mean days (+SD) 3.7+6.2 25+120 - 0.67

Median days (IQR) 1.5 (0-3) 4 (1-17)

Low-molecular-weight heparin 5 (29%) 73 (70%) 0.18 (0.06-0.56) 0.001
Mean LMWH daily dose (IU/kg/day) 105 +43 91+58 - 0.46
Unfractionated heparin 0 8 (7.6%) - 0.24
Direct oral anticoagulants 0 0 - -
Vitamin K antagonists 0 6 (5.7%) - 0.31
Other 1(5.9%) 2 (1.9%) 3.22 (0.28-37.6) 0.42
Without vena cava filter, n 266 677

Restart of anticoagulation, n 88 (33%) 518 (77%) 0.15 (0.11-0.21) <0.001
Time elapsed from bleeding to restart

Mean days (+SD) 23+3.2 12+65 - <0.001

Median days (IQR) 1 (0-3) 3(1-8)

Median days (IQR) 1.0 (3.0) 3.0 (7.0) - 0.001
Low-molecular-weight heparin 69 (26%) 401 (59%) 0.24 (0.18-0.33) 0.001
Mean LMWH daily dose (IU/kg/day) 101 +£59 108 +£56 - 0.31
Unfractionated heparin 8 (3.0%) 36 (5.3%) 0.55 (0.25-1.20) 0.13
Fondaparinux 0 5(0.7%) - 0.16
Direct oral anticoagulants 1(0.4%) 8 (1.2%) 0.32 (0.04-2.54) 0.25
Vitamin K antagonists 6 (2.3%) 57 (8.4%) 0.25 (0.11-0.59) 0.001
Other 4 (1.5%) 11 (1.6%) 0.92 (0.29-2.93) 0.99

SD standard deviation, IQR interquartile range, LM WH low-molecular-weight heparin, CI confidence inter-

vals
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We used a propensity score adjustment to compare treat-
ment effects for patients with similar predicted probabilities
of receiving a cava vein filter. We used logistic regression
to estimate propensity scores. We modeled the receipt of
a filter using baseline demographic and clinical variables
on the basis of their associations with any adverse events
after major bleeding. The following covariates were con-
sidered in the calculation of the propensity score: size of
the hospital (more vs. less than 500 beds); country (Spain
vs. other countries); time (patients included from 2001 to
2008 vs. those recruited from 2009 to 2017); risk factors

Table 3 Thirty-day outcome according to site of bleeding

for VTE that included active cancer, metastatic cancer,
prior surgery or recent immobility; initial VTE presenta-
tion (PE vs. DVT); site of bleeding; elapsed time from the
index VTE to the major bleeding event; clinical signs at
VTE diagnosis, including heart rate, systolic blood pressure
levels, anemia (defined as hemoglobin levels < 13 g/dL in
men or Hb < 12 g/dL in women), [20] and creatinine clear-
ance (CrCl) levels at baseline. The nearest neighbor (NN)
method was used, with a ratio of 4:1 for vena cava filter.
After generation of the propensity scores, we sought to esti-
mate the difference in 30-day outcomes attributable to the

n Vena cava filter No vena cava filter Odds ratio (95% CI) p value

All patients, n 1065 122 943
Death 283 (27%) 17 (14%) 266 (28%) 0.41 (0.24-0.70) <0.001
Causes of death

Bleeding 129 (12%) 3(2.5%) 126 (13%) 0.16 (0.05-0.52) 0.001

Pulmonary embolism 14 (1.3%) 0 14 (1.5%) - 0.18

Disseminated cancer 45 (4.2%) 3(2.5%) 42 (4.4%) 0.54 (0.13-1.59) 0.54

Infection 17 (1.6%) 0 17 (1.8%) - 0.12

Respiratory insufficiency 16 (1.5%) 3(2.5%) 13 (1.4%) 1.80 (0.41-5.99) 0.37

Heart failure 8(0.8%) 1(0.8%) 7 (0.7%) 1.10 (0.05-7.23) 0.85
Major re-bleeding 63 (5.9%) 54.1%) 58 (6.2%) 0.65 (0.26-1.66) 0.37
Recurrent PE 19 (1.8%) 3(2.5%) 16 (1.7%) 1.46 (0.42-5.09) 0.55
Recurrent DVT 21 2.0%) 6 (4.9%) 15 (1.6%) 3.20 (1.22-8.41) 0.01
Gastrointestinal 370 34 336

Any death 124 (34%) 8 (24%) 116 (35%) 0.58 (0.26-1.33) 0.20

Fatal bleeding 56 (15%) 2 (5.9%) 54 (16%) 0.33 (0.08-1.40) 0.11

Major re-bleeding 28 (7.6%) 2 (5.9%) 26 (7.7%) 0.75 (0.17-3.29) 0.70
Haematoma 255 27 228

Any death 39 (15%) 4 (15%) 35 (15%) 0.96 (0.31-2.94) 0.94

Fatal bleeding 14 (5.5%) 0 14 (6.1%) - 0.19

Major re-bleeding 11 (4.3%) 1(3.7%) 10 (4.4%) 0.84 (0.10-6.82) 0.87
Intracranial 124 21 103

Any death 43 (35%) 1(4.8%) 42 (41%) 0.07 (0.01-0.56) 0.002

Fatal bleeding 30 (24%) 1(4.8%) 29 (28%) 0.13 (0.02-0.99) 0.02

Major re-bleeding 6 (4.8%) 0 6 (5.8%) - 0.26
Retroperitoneal 84 15 69

Any death 17 (20%) 0 17 (25%) - 0.03

Fatal bleeding 12 (14%) 0 12 (17%) - 0.08

Major re-bleeding 3 (3.6%) 1(6.7%) 2(2.9%) 2.39 (0.20-28.2) 0.48
Genitourinary 84 6 78

Any death 28 (33%) 1 (17%) 27 (35%) 0.38 (0.04-3.40) 0.37

Fatal bleeding 7 (8.3%) 0 7(9.0%) . 0.44

Major re-bleeding 5(6.0%) 0 5 (6.4%) - 0.52
Other sites 148 19 129

Any death 32 (22%) 3 (16%) 29 (23%) 0.65 (0.18-2.37) 0.51

Fatal bleeding 10 (6.8%) 0 10 (7.8%) - 0.21

Major re-bleeding 10 (6.8%) 1(5.3%) 9 (7.0%) 0.74 (0.09-6.20) 0.78

PE pulmonary embolism, DVT deep vein thrombosis, CI confidence intervals
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insertion of a filter using a greedy matched-pair analysis that
has a 4:1 matching algorithm and does not allow for replace-
ments. We randomly selected a patient in the filter subgroup
and then matched that patient with the nearest patient in the
non-filter subgroup within a fixed caliper width of 0.10 of
standard deviation of propensity score [21]. To assess the
success of the matching procedure, we measured standard-
ized differences of means (SDM) in percentage points in
observed confounders between the matched groups [22]. A
SDM lower than 10% was considered as a good matching
but if it was higher than that, the imbalanced covariate was
included in the final post-matching multivariable analysis.
We used psmatching3 extension bundle for the propensity
score analyses with SPSS software (version 20, SPSS Inc.,
Chicago, Illinois).

Results

In the study period, from a total of 67,195 consecutive
patients with VTE, 1314 (1.96%) developed major bleeding
within the first 3 months of anticoagulant therapy. Of these,
246 (19%) died within the first 24 h after bleeding and 3

had an IVC filter already inserted at baseline. These patients
were not included in the study. Thus, the study included
1065 patients with acute VTE who bled during the first
3 months of anticoagulant therapy: 644 initially presenting
with PE (with or without concomitant DVT) and 421 pre-
senting with DVT alone (Fig. 1). The most common sites
of major bleeding were the gastrointestinal tract (n=370),
hematoma (rn=255), intracranial (n = 124), retroperitoneal
(n=84) and genitourinary (n=_84). In all, 122 patients (11%)
received an IVC filter.

Patients receiving an IVC filter were younger, weighed
more than those not receiving a filter and were more likely
to be hospitalized in hospitals with over 500 beds (Table 1).
Major bleeding appeared earlier in patients with an IVC fil-
ter than in those without filter (94% within the 1st month
after the index VTE event, compared to 69% in those not
receiving a filter; p <0.001). Intracranial bleeding was more
common in patients receiving an IVC filter than in those
who did not (17% vs. 11%; odds ratio [OR]: 1.70; 95% CI
1.02-2.83). There were no further differences in other vari-
ables (bleeding site, initial VTE presentation, risk factors for
VTE or underlying conditions at baseline).

Immediately after bleeding, anticoagulation was discon-
tinued in all patients. Ninety-five (78%) patients who had
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Fig.2 Cumulative mortality (Kaplan—Meier curves) within the first 30 days after major bleeding, according to insertion of vena cava filter
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a filter and 606 (64%) who did not have an IVC filter were
restarted on anticoagulant therapy (Table 2). Anticoagulant
therapy was restarted later in patients receiving an IVC filter
than in those without filter: 48 h after major bleeding, 23%
of patients with filter and 34% without filter (»=0.017) had
restarted anticoagulation. Among patients restarting therapy
with low-molecular-weight heparin (LMWH), mean daily
doses were lower in patients with an IVC filter than in those
without filter (95 +52 vs. 104 +55 IU/kg/day LMWH,
respectively; p=0.001). Among patients who received an
IVC filter, those who subsequently died had restarted antico-
agulation non-significantly earlier than those who survived
(median, 1.5 vs. 4 days after bleeding; p=0.28). Among
patients not receiving a filter, those who died had restarted
anticoagulation significantly earlier than those who survived
(median, 1 vs. 3 days; p=0.001).

During the first 30 days after bleeding, 283 of 1065
patients died (27%; 95% CI 24-29%), 63 suffered major
re-bleeding (5.9%; 95% CI 4.6%—7.5%), 19 had subsequent
PE (1.8%; 95% CI 1.1%-2.7%) and 21 subsequent DVT
(2.0%; 95% CI 1.3%-2.9%), as shown in Table 3. The most
common cause of death was bleeding itself, accounting for
129 of 283 (46%) deaths, and most these deaths (77 of 129,
60%) occurred within the first 5 days after the bleeding event
(Fig. 2). One in every two deaths in each group was unre-
lated to VTE or bleeding.

During the first 30 days after bleeding, patients receiv-
ing an IVC filter had a lower rate of all-cause death (HR
0.41; 95% CI 0.24-0.70) or fatal bleeding (HR 0.16; 95%
CI 0.05-0.52), a similar rate of major re-bleeding (HR
0.65; 95% CI 0.26-1.66) or subsequent PE (HR 1.46; 95%
CI 0.42-5.09) and a higher rate of DVT recurrences (HR
3.20; 95% CI 1.22-8.41) than those not receiving an [IVC
filter. Thirty-day mortality rate was highest in patients with
intracranial (35%; 95% CI 27-43%), gastrointestinal (34%;
95% CI 29-28%) or genitourinary bleeding (33%; 95% CI
24-44%) and lowest in patients with hematoma (15%; 95%
CI 11-20%). Fatal bleeding was the most likely cause of
death in patients with intracranial (30 of 43 deaths, 70%) or
retroperitoneal (12 of 17 deaths, 71%) bleeding. Fatal PE
was more common after intracranial (4 of 43 deaths, 9.3%)
or genitourinary (3 of 28 deaths, 11%) bleeding.

Results of the propensity score matching involved 559
patients who survived the first 24 h after major bleeding
(122 with IVC filter and 429 without filter). The matched
sample was well balanced in all variables (Table 4; Fig. 3).
We performed a multivariable analysis including the fol-
lowing variables as covariates: patient’s age, gender, exist-
ence of chronic lung disease, chronic heart disease, prior
major bleeding, recent surgery, recent immobility, active
cancer, metastases, unprovoked VTE (vs. provoked), ane-
mia, abnormal platelet count, creatinine clearance levels,
initial presentation of VTE (PE vs. DVT), time elapsed since

VTE to major bleeding, intracranial bleeding (vs. other loca-
tions), hospital size and country of VTE diagnosis. During
the first 30 days after bleeding, the matched analysis (with
aratio 4:1 and caliper of 0.1 of standard deviation) revealed
a significantly lower risk for all-cause death (HR 0.49;
95% CI 0.31-0.77) and for fatal bleeding (HR 0.16; 95%
CI 0.07-0.49), a non-significantly lower risk for non-fatal
major re-bleeding (HR 0.55; 95% CI 0.23-1.40), a similar
risk for PE recurrences (HR 1.57; 95% CI 0.38-6.36) and a
non-significantly higher risk for DVT recurrences (HR 3.09;
95% C10.99-9.56) (Table 5).

To better explore the sensitivity of our findings, we
repeated the analysis after excluding all those patients who
died within the first 48 h (instead of 24 h). So, 46 additional
patients that died on the 2nd day were also excluded. The
matched analysis confirmed that patients undergoing an
IVC filter were at a lower risk for all-cause death (HR 0.52;
95% CI 0.31-0.89) and for fatal bleeding (HR 0.16; 95% CI
0.04-0.64), a similar risk for PE recurrences (HR 0.79; 95%
CI 0.21-2.94) and a higher risk for DVT recurrences (HR
3.33;95% CI 1.02-10.9).

Discussion

Our data, obtained from a large series of VTE patients pre-
senting with major bleeding during the first 3 months of
anticoagulant therapy, confirm that their 30-day mortality
rate was high (529 of 1314 patients, 40%). After excluding
246 patients who died within the first 24 h (to avoid immor-
tal time bias) [11], there still remain 283 patients who died
between Day 2 and Day 30. Of these, almost half (46%) died
of bleeding. Our study revealed that patients receiving an
IVC filter had half the mortality rate at 30 days than those
not receiving a filter. Our initial hypothesis was that, with
IVC filters in place, there would be a lower risk for subse-
quent PE if anticoagulation is withheld. However, the lower
risk for all-cause death (and for fatal bleeding) found in our
study was associated with a similar risk for PE recurrences
and a non-significantly lower risk for major re-bleeding.
Our findings remained consistent after adjusting for
potential confounders, and may at least in part be explained
by the fact that patients receiving an IVC filter restarted
anticoagulant therapy later and with lower doses of LMWH
than those not receiving an IVC filter. The lack of difference
on subsequent PEs—the principle outcome expected to be
improved by insertion of an IVC filter—is likely reflective
of counterbalancing effects from some protection by IVC
filters versus less protection because of the delayed/ less
potent anticoagulation in the IVC filters group, and more
potent antithrombotic therapy in the no IVC filters group,
which likely came at the cost of excess bleeding events
[23-25]. Additional studies are required to better determine
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Table 4 Clinical characteristics
after matching of 551

Vena cava filter ~ No vena cava filter ~ Odds ratio (95% CI) p

patients with major bleeding
during the first 3 months of
anticoagulation, according to
use of vena cava filter

Patients, n
Hospital size > 500 beds
Country of origin,
Spain
Clinical characteristics
Male gender
Age (mean years + SD)
Body weight (kg +SD)
Initial VTE presentation
Pulmonary embolism
Time from VTE to bleeding
Mean days (+SD)
Day 0 to Day 30
Day 31 to Day 90
Current therapy at bleeding
Low-molecular-weight heparin
Unfractionated heparin
Thrombolytics
Fondaparinux
Direct oral anticoagulants
Vitamin K antagonists
Site of major bleeding
Gastrointestinal
Haematoma
Intracranial
Retroperitoneal
Genitourinary
Other
Risk factors for VTE
Surgery
Immobility >4 days
Active cancer
Estrogen use
Pregnancy/puerperium
None of the above (unprovoked)
Prior VTE
Underlying conditions
Chronic lung disease
Chronic heart failure
Anemia
CrCl levels <30 mL/min

122 429

84 (69%) 276 (64%) 1.23 (0.80-1.89) 0.36
97 (80%) 352 (82%) 0.85(0.51-1.41) 0.52
51 (42%) 179 (42%) 1.00 (0.67-1.51) 0.99
69+15 72+15 - 0.06
75+16 72+15 - 0.03
76 (62%) 250 (58%) 1.18 (0.78-1.79) 0.43
10+13 13+14 - 0.03
115 (94%) 407 (94.9%) 0.89 (0.37-2.13) 0.79
7 (5.7%) 22 (5.1%) 1.13 (0.47-2.70)

89 (73%) 286 (67%) 1.35 (0.86-2.11) 0.19
15 (12%) 34 (7.9%) 1.63 (0.86-3.10) 0.14
2 (1.6%) 11 (2.6%) 0.63 (0.14-2.90) 0.55
0 8 (1.9%) - 0.13
0 3 (0.7%) - 0.35
11 (9.0%) 70 (16%) 0.51 (0.26-0.99) 0.045
34 (28%) 129 (30%) 0.90 (0.58-1.40) 0.64
27 (22%) 127 (30%) 0.68 (0.42-1.09) 0.11
21 (17%) 54 (13%) 1.44 (0.83-2.50) 0.19
15 (12%) 33 (7.7%) 1.68 (0.88-3.21) 0.11
6 (4.9%) 37 (8.6%) 0.55(0.23-1.33) 0.18
19 (16%) 49 (11%) 1.43 (0.81-2.54) 0.22
21 (17%) 66 (15%) 1.14 (0.67-1.96) 0.63
44 (36%) 157 (37%) 0.98 (0.64-1.49) 0.91
34 (28%) 119 (28%) 1.01 (0.64-1.58) 0.98
5(4.1%) 10 (2.3%) 1.79 (0.60-5.34) 0.29
0 1 (0.7%) - 0.35
45 37%) 142 (33%) 1.18 (0.78-1.80) 0.44
9 (7.4%) 54 (13%) 0.55 (0.27-1.16) 0.11
19 (16%) 71 (17%) 0.93 (0.54-1.62) 0.80
12 (9.8%) 53 (12%) 0.77 (0.40-1.50) 0.45
67 (55%) 247 (58%) 0.90 (0.60-1.35) 0.60
14 (12%) 63 (15%) 0.75 (0.41-1.40) 0.37

VTE venous thromboembolism, SD standard deviation, LMWH low-molecular-weight heparin, CrCI creati-
nine clearance, CI confidence intervals

the optimal timing and intensity for re-initiation of antico-
agulation in such patients.

The present study has a number of potential limitations.
First, data from registries are susceptible to selection bias
if a non-representative sample of patients is selected for

@ Springer

analysis. However, the RIETE registry captures a broad
range of consecutive patients with symptomatic VTE from
multiple medical centers, countries, and treatment settings,
making it less likely that the study cohort is made up of a
skewed population. Second, residual confounding is a likely



Internal and Emergency Medicine (2019) 14:1101-1112

1109

80
=#-pre-PSM =% -post-PSM
A
(]
60 '\
1\
n !
1\ [
A .
- (]
20 " Rl r N A H
2 Lg N \ N §
- ! \ ’ -
0 ‘:’ ,I‘v¥ \‘\V"rzzl“r"% \*ﬂ\ ”,7}'. --.~‘:\‘p,.‘f\'\;, /
~ w W\ ’
¥ v vV w T\
/
-20 - “[
v/
¥
-40
X & o @0 9 9 9 & > & &S QA @ S 2 O 2 & O
S AT TSI TELSESS
O/\Q\Q'Dw\b@oe\)QbeQm@\N‘\/‘\/
S/ LS FEIITEL LTI 2 Y T
¢S o AT Ty LS s o & &9 S & O
FYSE TS &g &S S P 4 & IRy
TS FETE sgo s § °F°
§ & s & < e ) ©
& & v & F &
& O Q <o o
© &

Fig.3 Standardized differences of means of covariates before and after propensity score matching

Table 5 Uni- and multivariable
analyses of the risk to develop

Before matching (univariate analysis)

Multivariable analysis after matching,
with a ratio 4:1

VTE recurrences, major

bleeding or death before and Hazard ratio (95% CI) p value Hazard ratio (95% CI) p value
after PSM matching
Patients, n 122 vs. 943 122 vs. 429
Recurrent PE 1.31 (0.38-4.49) 0.67 1.57 (0.38-6.36) 0.52
Recurrent DVT 2.78 (1.08-7.18) 0.03 3.09 (0.99-9.56) 0.051
Re-bleeding 0.61 (0.24-1.51) 0.28 0.55 (0.23-1.40) 0.21
Overall death 0.45 (0.28-0.74) 0.002 0.49 (0.31-0.77) 0.003
Fatal bleeding 0.17 (0.06-0.54) 0.003 0.16 (0.07-0.49) 0.002

Fatal PE does not appear in the table since the event rate was too low to allow convergence of the model

PE pulmonary embolism, DVT deep vein thrombosis, CI confidence intervals

concern (either as for indication for IVC filter use, or as
a measure of quality of care) and patients may have had
systematic differences in unmeasured factors. However, we
did have access to and adjusted for many important clini-
cal variables and for hospital factors in the PSM models.
Even if some residual confounding exists, it is unlikely that
such confounding factors account for the entire effect size
that we observed. Third, we studied only the initial 30-day
period after bleeding. Fourth, it is not entirely clear that the
delay in reinitiating anticoagulant therapy and/or lowering
its doses was exclusively due to the presence of an I[VC filter.

Moreover, simply lowering doses and delaying initiation of
therapy could portend a survival benefit, independent of IVC
filter placement. These issues may confound the results of
this analysis. Fifth, even in our large registry, numbers are
small, and therefore, the robustness of their findings may
be questioned. Finally, our data are hypothesis generating
and must be validated by properly designed trials. Although
these concerns are valid, our data probably represent the
largest available pool of prospectively collected informa-
tion in this patient population. It is extremely unlikely that a
randomized trial be ever conducted in this setting. Although
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facing some limitations, our data could inform practice, until
larger high-quality data emerge.

In conclusion, our study showed that in VTE patients
experiencing major bleeding during the first 3 months of
anticoagulant therapy, mortality rates, including fatal bleed-
ing are common. Use of an IVC filter was associated with
reduced rates of fatal bleeding and all-cause mortality. Fatal
bleeding is a major driver of mortality in these patients and
future efforts should help identify safer strategies (including
timing, drug, and dose) for re-initiation of anticoagulation in
VTE patients who suffer from major bleeding.
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